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The pesticides aldrin and dieldrin were produced at 
Rocky Mountain Arsenal beginning in 1946 and ending in 1974. 
A series of man-made lakes were used as part of the cooling 
water system for the pesticide production. These lakes 
currently support viable populations of a variety of fish 
and birds.
Studies conducted in 1982 and 1988 detected the 
presence of aldrin and dieldrin in the lake sediments. The 
1988 study also detected the pesticides in fish samples. 
Previous field studies have shown that photolysis and 
volatilization of aldrin and dieldrin occur with a half-life 
of approximately one day. The continuing presence of both 
aldrin and dieldrin in the sediments studied here suggests 
that photolysis and volatilization are apparently not 
occurring as expected.
Field studies have shown aldrin to degrade to dieldrin 
in environmental systems. Dieldrin has been shown to be 
extremely stable in the environment. Contrary to those 
studies, overall sediment ratios of aldrin to dieldrin
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ranged from 14 to 1 to 28 to 1, with higher ratios in areas 
of higher aldrin concentration. Ratios of aldrin to 
dieldrin in biota are low, a result that compares favorably 
with other field and laboratory studies. The total mass of 
aldrin and dieldrin present in these sediments has remained 
constant between 1982 and 1988 at 145 to 147 kilograms in 




ABSTRACT . . ........................................... iii
LIST OF FIGURES....................................   viii
LIST OF T A B L E S ............   ix
ACKNOWLEDGMENTS........   x
Chapter
1. INTRODUCTION . ............................. 1
2. BACKGROUND..... ........................... 4
2.1 Site Description ......  4
2.1.1 G e o l o g y . .......................  6
2.1.2 Hydrology ......................... 8
2.1.3 B i o t a ..........................  11
2.2 Site History ......    13
2.2.1 Industrial Operations 14
2.2.2 Field Studies 15
2.3 Production and Properties.............  19
2.3.1 Industrial Production ..........  19
2.3.2 Physical and Chemical Properties . 20
2.3.3 Degradation Reactions ..........  23
2.3.4 Metabolism and T o x i c i t y ........  24
v
T-3969
2.3.5 Field S t u d i e s ..................  26
2.3.6 Laboratory Studies ..............  36
3. METHODS....................................  45
3.1 Choice of Sampling Locations ..........  45
3.2 Sampling Procedures . . . . .  ..........  46
3.3 Analytical Procedures..................  49
3.4 Quality Assurance/Quality Control
(QA/QC) ..............................  51
3.5 Gridding and Contouring Methodology . . 53
4. RESULTS AND DISCUSSION..............  56
4.1 Distribution of Aldrin and Dieldrin . . .  56
4.1.1 Sediments......................  56
4.1.2 Water   80
4.1.3 Biota  ................  81
4.2 Mass of Aldrin and Dieldrin Present . . .  82
4.3 Occurrence of Related Compounds........  85
5. CONCLUSIONS  ..........   88
5.1 Degradation and L o s s ..................  88








2.1 Site Location.  ............   5
2.2 Lake Depth...................................... 9
4.1 WES Sample Locations..........   .60
4.2 Ebasco Sample Locations.    61
4.3 WES 0-30 Centimeter Aldrin Results............. 63
4.4 Ebasco 0-30 Centimeter Aldrin Results. . . .64
4.5 WES 30-60 Centimeter Aldrin Results........  . .65
4.6 Ebasco 60-90 Centimeter Aldrin Results......... 66
4.7 WES 0-30 Centimeter Dieldrin Results........... 68
4.8 Ebasco 0-30 Centimeter Dieldrin Results........... 69
4.9 WES 30-60 Centimeter Dieldrin Results........... 70
4.10 Ebasco 60-90 Centimeter Dieldrin Results ........  71
4.11 WES 0-30 Centimeter Aldrin/Dieldrin Ratio....... 73
4.12 Ebasco 0-30 Centimeter Aldrin/Dieldrin Ratio . . . 74
4.13 WES 30-60 Centimeter Aldrin/Dieldrin Ratio . . . .  76





2.1 Physical and Chemical Properties................. 22
4.1 WES Sample Results . . . . .  .................... 57
4.2 Ebasco Sample Results............................. 58




I would like to thank my advisor Dr. Ron Cohen for his 
support in this endeavor. I would also like to thank my 
thesis committee, Drs. John Emerick and Stephen Daniel of 
the Colorado School of Mines and Mr. Kevin Blose of the U.S. 
Army Program Managers Office for the Clean-up of Rocky 
Mountain Arsenal. I would like to extend a special 






Rocky Mountain Arsenal (RMA) is a United States Army 
Facility occupying 70 square kilometers. It is located 
approximately 16 kilometers north-east of Denver in Commerce 
City, Colorado. RMA was established in 1942 by the U.S.
Army to produce weapons for World War II. Private companies 
subsequently leased facilities at RMA for manufacture of 
pesticides and herbicides. These manufacturing activities 
began in 1946 and ceased in 1982. Currently no 
manufacturing activities are taking place at RMA (U.S. Army, 
1990).
Pesticides were produced in the South Plants 
manufacturing facility. Lakes located south of South Plants 
were used as cooling water ponds to support the 
manufacturing operations. Although the lakes were not 
intended to be used for waste disposal, leaks and spills 
occurred that introduced contaminants into the lakes via the 
cooling water system (U.S. Army, 1989a).
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A series of investigations have confirmed the presence 
of several organochlorine pesticides in the lake sediments. 
The pesticides detected most frequently are aldrin and 
dieldrin that were both produced in South Plants (U.S. Army, 
1987a, 1987b, 1988a, 1988b).
From upstream to downstream, the cooling system 
consisted of three lakes: Upper Derby Lake, Lower Derby 
Lake, and Lake Ladora. Upper Derby Lake is shallow and is 
more characteristic of a marsh than a lake. Lake Ladora had 
lower concentrations of contaminants than the other lakes. 
Thus, Lower Derby Lake, being relatively deep and containing 
detectable concentrations of aldrin and dieldrin in the 
sediments, was chosen as the focus of this thesis.
Laboratory and field studies have demonstrated that 
aldrin will degrade in environmental systems (Ricci, et al. 
1983, Matsumura, et al. 1968). Dieldrin has been the 
primary degradation product detected in many systems 
studied. Dieldrin shows little tendency to degrade in 
environmental systems. Thus, dieldrin was anticipated to be
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the primary compound present following years of aldrin 
degradation.
Manufacture and use of aldrin and dieldrin were 
severely restricted in the U.S. in 1974 under the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA). 
Production stopped at that time (U.S. Army, 1989a). Since 
aldrin and dieldrin have not been produced at RMA for 16 
years, the residues in the lake System have had at least 16 
years and up to 44 years to degrade. The fact that they are 
still present indicates that they are environmentally stable 
in this system.
This thesis documents the occurrence of aldrin and 
dieldrin in Lower Derby Lake and analyzes their behavior in 
this environmental system. The observed behavior is 
compared with expected behavior based on laboratory studies 
and other field studies. In conclusion, projections are 




The background consists of a site description, a 
discussion of site history, a summary of the production 
processes, a synopsis of the chemical and toxicological 
properties of aldrin and dieldrin, and an overview of 
previous field and laboratory studies.
2.1 Site Description
The site description includes a summary of physical 
features, area geology and hydrology, and the biotic system.
The site location is shown on Figure 2.1. The South 
Plants manufacturing facility is shown to the north. The 
various lakes are shown in the center of the figure. The 
spillways for each lake are controlled by a system of gates, 
piping, and canals. Water can be made to flow in a cascade 
system or be diverted around any or all of the lakes . Upper 
Derby Lake is intermittently dry. Lower Derby Lake, Lake 

















The area south of the lakes was used as a buffer zone 
between the manufacturing activities and areas accessible to 
the general public. This buffer zone is not expected to be 
a significant source of contamination. Runoff and stream 
water enters the lake system from the south via the Uvalda 
Street Drainage, and the Highline Lateral canal (U.S. Army, 
1989a).
2.1.1 Geology. The two uppermost stratigraphic units 
beneath Lower Derby Lake are Pleistocene alluvium and the 
Denver Formation. The alluvium is approximately 10 meters 
thick and consists of gravely to clayey sands and some sandy 
clays. The Denver formation is greater than 15 meters thick 
and consists of claystones underlain by sandstones (U.S. 
Army, 1989a).
Immediately below the lake sediments, the western 
portion of the lake is underlain with 1.5 to 3 meters of 
poorly graded sands. The eastern portion of the lake is 
underlain with approximately 3 meters of silty to clayey 
sands (U.S. Army, 1989a).
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The lake sediments range in thickness from 0.3 to 1 
meter. The upper fraction of this sediment is believed to 
have been deposited following a 1965 dredging of the lake 
sediment to remove contaminated materials. Sedimentation 
rates were reported to be 1.91 centimeters per year 
(Bergersen., 1987).
The textures of the sediments are variable with lenses 
of silty sands interbedded with silts and clays. Gravels 
and peats occur in isolated instances.
Results of physical analyses of six sediment samples 
from Lower Derby Lake showed variable properties. A 
particle size analysis determined that 12 to 97 percent of 
the sediment materials would pass through a 200 Sieve screen 
(silt to clay size). The samples with higher fractions 
passing through the sieve also indicated higher silt and 
clay contents. Total organic carbon was low, ranging from 
0.05 to 2.6 percent with the higher values occurring in the 
deeper, south-western portion of the lake. Sediment pH 
ranged from 6.9 to 8.2. Electrical conductivity of the 
sediments ranged from 54 to 840 micromhos per centimeter.
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The higher electrical conductivity values were found in the 
south-west portion of the lake. Redox potential was 1.4 to 
332 millivolts, indicating oxidizing conditions in the 
sediments. The lower redox potentials occurred in the 
south-west portion of the lake (U.S. Army, 1989a).
2.1.2 Hydrology. Lower Derby Lake is a man-made 
impoundment. The date of construction is unknown, but the 
lake is visible in a 1937 aerial photograph. Inlets to 
Lower Derby Lake are on the north and east sides of the 
lake. The outlet is on the west side. The lake is deepest 
on the west side with a maximum depth of 5 meters (U.S. 
Army, 1987). See Figure 2.2.
Originally, several sets of ditches controlled cooling 
water and surface runoff flow from South Plants. One set 
discharged water directly to Upper Derby Lake. Another set 
discharged to Lower Derby Lake with bypasses to Sand Creek 
Lateral and Lake Ladora. In 1963, the series of ditches 
that discharged South Plants cooling water to Upper Derby 
Lake was closed. Surface water runoff and process cooling 
















In 1964, a closed loop cooling tower system was 
installed. This system replaced the lakes for providing 
process cooling water. After 1964, the lakes were still 
used to provide cooling water for the power plant condenser 
and the spray pond (U.S. Army, 1989a).
Five groundwater-bearing zones have been identified in 
the vicinity of Lower Derby Lake. One is in the alluvium 
and the other four are in the Denver Formation. The 
alluvial groundwater is the zone that may contact Lower 
Derby Lake so it is of the greatest interest (U.S. Army, 
1989a).
The thickness of the saturated alluvium is 3 meters on 
the north side of Lower Derby Lake and increases to 15 
meters on the south side. In the vicinity of Lower Derby 
Lake groundwater is flowing in a westerly direction. The 
groundwater gradient in this area is nearly flat at 0.002 
meter vertical per meter distance. Groundwater data
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indicate that the alluvial groundwater is in contact with 
Lower Derby Lake (U.S. Army, 1989a).
A water balance was performed to determine the 
interaction of the lakes with the groundwater system. From 
this balance, it appears that Lower Derby Lake recharges the 
local groundwater system. Contaminants present in the lake 
water could be transported to the groundwater via this water 
movement. This motion could also cause a net downward 
movement of contaminants in the lake sediments (U.S. Army, 
1989a).
2.1.3 Biota. Biota in the local ecosystem are of 
interest for two reasons. First, the biota can be impacted 
by the contaminants present in the lakes. Second, the biota 
may impact the migration, accumulation, and degradation of 
contaminants in the lakes. The following information on 
biota is from U.S. Army, 1989a.
The vegetation consists of native upland communities, 
cottonwood/willow stands, and wetland/riparian. The upland
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communities include perennial grasses, weedy forbes, 
sagebrush, and yucca.
Terrestrial wildlife consist of various mammals, 
reptiles, and amphibians. Small mammals include prairie 
dogs, desert and eastern cottontails, jackrabbits, and 
various small rodents. Larger mammals include mule and 
white-tailed deer. Carnivores include coyotes, badgers, 
red, gray, and swift fox, raccoons, striped skunks, and 
long-tailed weasels. The most common raptor is the 
ferruginous hawk. A variety of other hawks and golden 
eagles are common in the winter. A variety of owls are also 
present. Bald eagles are present during winter months.
Waterfowl are common on the lakes. Species include 
Canada goose, mallard, northern pintail, American widgeon, 
teal, redhead, lesser scaup, and ruddy duck. Wading birds 
observed include great blue heron and black-crowned night 
heron. Upland birds include pheasants and mourning doves.
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Reptiles present include bullsnake, prairie 
rattlesnake, western hognose snake, common gartersnake, 
plains gartersnake, and yellow-bellied racer.
The most abundant amphibian is the northern chorus 
frog. The northern leopard frog and the bullfrog are also 
present along with a variety of toads.
Common fish species that have been captured from Lower 
Derby Lake consist of largemouth bass, bluegill, common 
carp, and black bullhead. Other species present are 
bluntnose and fathead minnows, green sunfish, and northern 
pike.
2.2 Site History
The site history discussed in this section consists of 
industrial operations, original contaminant release, and 
lake dredging.
Prior to 1942 the primary land uses at RMA. were 
agricultural and rural residential. Both Lower Derby Lake
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and Lake Ladora were present prior to development of the 
area by the Army (U.S. Army, 1989a).
2.2.1 Industrial Operations. The cooling water system 
utilizing the lakes was first operational in 1942. At that 
time the South Plants manufacturing facility housed army 
operations for the manufacture of military chemicals. The 
cooling water system drew water from Lake Ladora and 
returned it to Upper Derby Lake. The water flowed by 
gravity from Upper Derby Lake to Lower Derby Lake to Lake 
Ladora. Ditches were available and used at some times to 
return cooling water directly to Lower Derby Lake. Make up 
water was supplied to the cooling water system from several 
groundwater wells (U.S. Army, 1989a).
In 1947 land was leased to Julius Hyman and Company for 
pesticide production. Julius Hyman was subsequently 
acquired by Shell Chemical Company and the lease was 
transferred to Shell in 1952. The pesticides produced by 
Julius Hyman and Shell included aldrin and dieldrin. The 
pesticides produced by Shell included aldrin, dieldrin, 
endrin, and chlordane. Beginning in 1946, and ending in
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1948 Colorado Fuel and Iron leased part of South Plants and 
attempted to manufacture DDT. All manufacturing activities 
ceased in 1982 (U.S. A*®y/ 1989b).
Aldrin and dieldrin entered the cooling water system 
via leaks and spills during production and shipping. Surface 
water in the vicinity of South Plants flows generally south 
and thus was available as a mechanism for contaminant 
transport. Contamination of the lakes apparently was a 
result of these leaked and spilled materials entering the 
lakes via surface water runoff and the discharge of the 
cooling water system.
Wastes from pesticide production were disposed of in 
impoundments north of South Plants. Due to the distance 
from the lakes to those impoundments (1 to 5 kilometers) and 
the fact that regional groundwater flow is to the north, it 
is unlikely that wastes from those impoundments have 
impacted the lakes.
2.2.2 Field Studies. In May 1952, Shell documented the 
first occurrences of pesticides in the lakes. Shell
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detected 1 part per million (ppm) of dieldrin in the surface 
water and 68 ppm of aldrin in the surface foam. Subsequent 
studies detected aldrin and dieldrin in the surface water 
and surface foam. Throughout the early 1950s dead waterfowl 
were found in the vicinity of the lakes. The U.S. Fish and 
Wildlife Service estimated 1200 ducks died near the lakes 
during one three month period. In 1959, the lakes did not 
support fish, amphibians, or aquatic insects (U.S. Army, 
1989a).
In 1964, a U.S. Fish and Wildlife Service investigation 
detected aldrin and dieldrin in concentrations ranging from 
5 to 20 ppm. Concurrent sampling by Shell Chemical Company 
detected aldrin at concentrations up to 183 ppm and dieldrin 
up to 13 ppm in sediments from Upper and Lower Derby Lakes. 
These compounds were not detected in sediments from Lake 
Ladora (U.S. Army, 1989a).
To remedy the problem of the contaminated sediments, in 
1964 the lakes were drained and 10 to 15 centimeters of 
sediments were dredged. Subsequent sampling prompted 
removal of another 15 to 60 centimeters of sediment from
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areas where elevated levels of pesticides were still 
detected. These dredged sediments were placed south of the 
lakes and covered with a layer of topsoil. In June 1965, 
the cooling water flow was returned to Lower Derby Lake.
This cooling water was used only for the power plant and 
spray pond (U.S. Army, 1989a).
In 1982 Shell Chemical Company and the United States 
Army Engineering Waterways Experiment Station (WES) 
conducted another study of pesticide contamination in the 
lake sediments. The results of this study revealed 
concentrations of aldrin and dieldrin in Upper and Lower 
Derby Lakes (U.S. Army, 1987a).
In 1986 Ebasco Services Incorporated conducted a Phase 
I investigation of contamination in the lake sediments.
This study used Gas Chromatography/Mass Spectroscopy (GC/MS) 
analytical techniques that provided a high degree of 
confidence for compound identification, but higher detection 
limits than the WES study. Nevertheless, aldrin and 
dieldrin were detected in some sediments in the lakes, 
although not in Lower Derby Lake (U.S. Army, 1987a, 1987b).
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Based on the results of this investigation and historical 
information, a Phase II investigation was conducted in 1988. 
This investigation utilized Gas Chromatography techniques 
that provided detection limits similar to those of the WES 
study (U.S. Army, 1988a).
In 1986 and 1988, Environmental Science and Engineering 
(ES&E) conducted a biota study. Of samples collected from 
Lower Derby Lake, aldrin and dieldrin were not detected in 
plankton, or northern pike but were detected in largemouth 
bass, bluegill, and black bullhead (U.S. Army, 1989a).
ES&E also conducted a surface water study. One sample 
was collected from Lower Derby Lake. Neither aldrin nor 
dieldrin was detected in the sample. However, aldrin was 
detected at 0.09 micrograms per liter (ug/1) and dieldrin 
was detected at 2.2 ug/1 in water from one of the ditches 
north of Lower Derby Lake that empties into the lake (U.S. 
Army, 1989a).
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2.3 Production and Properties
A brief discussion of the production techniques for 
aldrin and dieldrin and documented properties are presented. 
This information is used to predict the expected behavior of 
the pesticides in Lower Derby Lake.
2.3.1 Industrial Production. Julius Hyman and Company 
developed the process to produce aldrin. The process 
consists of the Diels-Alder addition of 
hexachlorocyclopentadiene (hex) to bicycloheptadiene-2,5 
(diene). The mixture is refluxed for 16 hours. Unreacted 
diene is then removed by distillation. The main byproduct 
is the 2:1 adduct of hex with the diene. Commercial grade 
aldrin contains at least 95 percent aldrin with the 
remaining 5 percent being insecticidally active compounds.
In 1962, sales of aldrin by Shell in the United States was 
estimated to be 4 to 5.5 million kilograms. Sales price was 
approximately $2.18 per kilogram (Kirk-Othmer, 1965).
Dieldrin is produced by the epoxidation of aldrin with 
peracetic acid. Commercial grade dieldrin contains at least 
85 percent dieldrin with the remaining 15 percent being
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insecticidally active compounds. In 1962, sales of dieldrin 
by Shell in the United States was estimated to be between 
2 . 3 and 4.6 million kilograms. Sales price was 
approximately $4.07 per kilogram (Kirk-Othmer, 1965).
2.3.2 Physical and Chemical Properties. Chemically, 
aldrin is 1,2,3,4,10,10-hexachloro-l, 4,4a,5,8,8a-hexahydro- 
1, 4-endo,exo-5,8-dimethanonaphthalene. Dieldrin is 
1, 2, 3, 4,10,10-hexachloro-6,7-epoxy-l,4,4a,5,6,7,8,8a- 
octahydro-1,4-endo,exo-5,8-dimethanonaphthalene (Sax, 1984). 




Both compounds were used as insecticides (Finlayson and 
McCarthy, 1973). Aldrin was primarily used for the control 
of soil pests, grasshoppers/ and certain cotton insects. 
Dieldrin was used to control certain insects attacking field 
vegetable and fruitcrops. It was also used for locust and 
termite control (Jager, 1970). Physical and chemical 
properties relevant to the environmental behavior of aldrin 
and dieldrin are listed in Table 2.1. The behavioral 
characteristics of these compounds are strongly influenced 
by their hydrophobicity (solubilities in water of less than 
1 ppm), and their low vapor pressure (less than 1 x 10~5 mm 
of mercury at 20°C) . The difficulty in measuring these 
properties has lead to wide range of reported values. The 
values reported here are geometric means compiled, 
calculated, and reported in U.S. Army 1989a.
Based on the low Henry's law constants, these compounds 
will tend to stay in the water phase and not volatilize, 
although aldrin will tend to volatilize more readily than 
dieldrin. The large and Kw partition coefficients 
indicate that the compounds will partition from the water 
phase onto the organic carbon or small clay or silt
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6.6 E-6 1.78 E-7
Henry’s Law Constant 
(atm cubic m/ mol)
1.6 E-5 4.6 E-7
Partition Coefficient 
(Log Kow)




Bioconcentration Factor 5100 2400
Source: U.S. Army, 1989a
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particles. The bioconcentration factors indicate that even 
with very low concentrations present in the lake waters and 
sediments, the compounds will find their way into the food 
chain. Again due to the hydrophobicity, the compounds will 
tend to concentrate in the fatty tissues of the biota (U.S. 
Environmental Protection Agency, 1979).
An interesting note regarding the aqueous solubility is 
that natural waters will often contain enough dissolved and 
suspended organic matter to affect the observed 
concentrations in the water. Specifically, concentrations 
in excess of the aqueous solubility may be observed in 
waters with high organic carbon content (Frank, et al.
1981b).
2.3.3 Degradation Reactions. There are several 
degradation reactions that aldrin and dieldrin may undergo 
in environmental situations (U.S. Environmental Protection 
Agency, 1979). These include: photolysis, oxidation, 
hydrolysis, volatilization, sorption, bioaccumulation, and 
biodegradation.
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For aldrin, photolysis under certain conditions was 
shown to have a half-life of one day with dieldrin and 
photoaldrin being the products. Neither oxidation nor 
hydrolysis was shown to take place at a significant rate.
The half-life for volatilization was shown to be a few hours 
to a few days. Sorption and bioaccumulation were found to
be important processes. Biodegradation with dieldrin as the
primary product was also found to be important (U.S. 
Environmental Protection Agency, 1979).
For dieldrin, photolysis under certain conditions was 
shown to have a half-life of two months with photodieldrin 
being the compound produced. Neither oxidation nor 
hydrolysis was shown to occur at a significant rate. 
Volatilization was shown to have a half-life of a few hours
to a few days. Sorption and bioaccumulation were found to
be important processes. Biodegradation may occur, but the 
rate is very slow. Biodegradation products were not 
identified (U.S. Environmental Protection Agency, 1979) .
2.3.4 Metabolism and Toxicity. Aldrin and dieldrin are 
toxic to man. Up to 1965, 13 deaths had been directly
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attributed to the two compounds (Jager, 1970). In several 
studies dieldrin was the primary biodegradation product 
formed (U.S. Environmental Protection Agency, 1979). These 
studies were performed on a variety of aquatic and 
terrestrial animals.
The permissible concentration of aldrin is 3 ug/1 in 
fresh water and 1.3 ug/1 in salt water to protect aquatic 
life (Sittig, 1985). The dose of aldrin required to be 
lethal to 50% of the animals in a study (LD50) varies from 
species to species. For oral administration, cats required 
10 mg/kg while dogs required 65 mg/kg. When applied to the 
skin, rabbits required 15 mg/kg while rats required 98 
mg/kg. Aldrin is listed as a carcinogen by EPA. Aldrin 
acts primarily as a central nervous system poison (Sax,
1984).
Permissible concentration of dieldrin is 2.5 ug/1 in 
fresh water and 0.71 ug/1 in salt water to protect aquatic 
life (Sittig, 1985). Note that these values are lower than 
for aldrin indicating that degradation of aldrin to dieldrin 
in aquatic systems makes the water less habitable for
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aquatic organisms. This is interesting since aldrin is 
readily epoxidized to dieldrin in many organisms. When 
applied orally, LD50s ranged from 38 mg/kg for a pig to 65 
mg/kg for a dog. LD50 data for cats were not found. When 
applied to the skin, LD50s ranged from 10 mg/kg for a rat to 
250 mg/kg for a rabbit (Sax, 1984). The toxicity of 
dieldrin to mammals appears to be slightly less than the 
toxicity of aldrin. The toxicities of the two compounds are. 
expected to be similar since many of the harmful effects of 
aldrin are attributed to the dieldrin that is produced once 
the aldrin is in the body of the animal. Dieldrin is a 
confirmed animal carcinogen.
For comparison, the LD50 of aldrin and dieldrin to rats 
is approximately five times the toxicity of DDT. Dosages of 
10 mg/kg have caused sickness in humans (Sax, 1984).
2.3.5 Field Studies. A number of field studies have 
documented the presence of aldrin and dieldrin in the 
environment. A summary of the results of these studies is 
presented below.
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A great deal of research has been performed on the 
Great Lakes region. In the lower Niagara River dieldrin was 
found in water samples at a mean concentration of 0.6 ng/1 
and at 4 ng/g in the associated sediments (Kuntz and Warry, 
1983). In southern Lake Michigan, dieldrin was detected at 
a median concentration of 2 ng/g in sediments from the 0-2 
cm interval, but not detected below that interval (Leland et 
al. 1973). Of 44 suspended sediment samples collected from 
the Niagara River, none contained detectable concentrations 
of aldrin, but 27 contained detectable concentrations of 
dieldrin. Dieldrin concentrations averaged 6 ng/g (Warry 
and Chan, 1981) . Dieldrin was detected in 48 percent of the 
sediment samples collected from lake Michigan. Of all 
samples, 42 percent had dieldrin concentrations between 0.1 
and 1.0 ng/g (Frank, et al. 1981a). In Lake Superior 
sediments, only 4.5 percent of the samples contained 
quantifiable concentrations of dieldrin, but the limit of 
quantification was 2.5 ng/g as opposed to 0.1 ng/g in the 
Lake Michigan study mentioned above (Frank, et al. 1980). 
Forty percent of sediment samples collected from Lake 
Ontario contained detectable levels of dieldrin with a mean 
concentration of 0.6 ng/g (Frank, et al. 1979a). Dieldrin
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has also been detected in suspended sediments from several 
streams that feed the Great Lakes. Aldrin was not detected 
(Frank, et al. 1981b). Dieldrin was detected in only 5.7 
percent of the sediment samples collected from Lake Huron. 
The maximum concentration was 1.3 ng/g. The detection limit 
was 0.2 ng/g (Frank, et al. 1979b). Dieldrin was detected 
in samples from Lake Erie at concentrations ranging from 1 
to 2 ng/g (Frank, et al. 1977).
In five rivers that feed Hudson Bay, a variety of 
organochlorine pesticides was found in the water, but not in 
the associated sediments. The reason for this was 
postulated to be that the pesticides had bound to the 
dissolved and suspended organic material in the water 
(McCrea and Fischer, 1986). In Holland Marsh in southern 
Ontario, water samples were collected over a four year 
period from 1972 to 1975. The highest concentrations of 
dieldrin corresponded to the months of highest runoff 
indicating that the dieldrin was associated with sediments 
that were suspended in the runoff (Miles and Harris, 1978).
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Sediment samples were collected from the Upper Rockaway 
River in New Jersey. Concentrations of dieldrin detected 
ranged from 0.1 to 5.2 ug/kg. The organic carbon fraction 
of these sediments ranged from 2.3 to 81.3 percent. The 
higher dieldrin concentrations correlated well with the 
higher organic carbon concentrations (Smith, et al. 1987).
Sediment samples were collected from Red Rock Reservoir 
in Iowa. Although aldrin was used in Iowa in the 1960s and 
early 1970s, it was not detected in the sediments. Dieldrin 
was detected at concentrations ranging from 3.9 to 5.0 
ug/kg. Concentrations in samples taken from a depth of 15 
cm were approximately one-third of what they were in the 
surface samples (Ricci, et al. 1983).
Sediment samples collected from the Nyumba ya Mungu 
Reservoir in Tanzania were found to contain no detectable 
aldrin, 4 to 36 ng/g of dieldrin, and less than 1 to 251 
ng/g of a monodechlorinated degradation product of dieldrin 
(Paasivirta, et al. 1988).
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Sediment and water samples were collected from the 
Diyala River in Iraq. Results were reported as the sum of 
aldrin and dieldrin. Water results ranged from 0.398 to 
0.787 ug/1. Sediment results ranged from 15 to 57 ug/kg 
(Al-Omar, 1989). Sediment and biota samples were collected 
from the Shatt al-Arab River in Iraq. Dieldrin was detected 
but aldrin was not. Mean sediment concentrations were 20 
ug/kg. Mean concentrations in the Indian shad, shrimp, and 
cyprinid were 28, not detected, and 7 ug/kg respectively 
(Dou Abul, 1987). Water, sediment, and biota samples were 
collected from the Tigris-Euphrates Delta in Iraq. Water 
concentrations averaged 30 ng/1 for aldrin and 66 ng/1 for 
dieldrin. Sediment concentrations averaged less than 
detection limit for aldrin and 14 ug/kg for dieldrin. 
Concentrations in mussels averaged 26 ug/kg for aldrin and 
24 ug/kg for dieldrin (Dou Abul, 1988).
A study of aldrin and dieldrin in Malaysian rice paddys 
included water, sediment, and fish sampling. Aldrin was 
found in water samples in all five areas studied at 
concentrations ranging from 0.1 to 1.8 ug/1. Dieldrin was 
found in only three of the five samples and at
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concentrations ranging from 0.2 to 0.5 ug/1. In the 
sediments, aldrin was detected in three of the five areas at 
a concentration of 0.1 ng/g. Dieldrin was detected in four 
of the five areas at concentrations ranging from 0.8 to 4.7 
ng/g. Both aldrin and dieldrin were detected in fish at all 
five areas. Aldrin was at concentrations ranging from 0.5 
to 1.1 ng/g. Dieldrin was at concentrations ranging from
6.6 to 24.9 ng/g. Aldrin was more prevalent in the water, 
but dieldrin was found in the sediment and fish samples at 
concentrations that were approximately 25 times the aldrin 
concentrations (Meier, et al. 1983).
Sediment samples were collected from New York harbor 
and analyzed for dieldrin. Average concentrations in the 
mid 1960s were 60 ug/kg. By 1975, concentrations had 
decreased to 30 ug/kg. The dominant process responsible for 
the recent decreases in the concentrations of dieldrin in 
the sediments was postulated to be mobilization of soils 
from the drainage basin as suspended particles and 
subsequent dilution of the contaminated sediments (Bopp, et 
al. 1982).
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Water and sediment samples were collected from Nueces 
Estuary in Corpus Christi, Texas. The average dieldrin 
concentration in sediments was 0.14 ng/g and in water 0.03 
ng/1. This indicates a strong partitioning towards the 
sediment (Ray, et al. 1983).
Sediment samples were collected from the Yavaros and 
Huizache-Caimanero lagoons in north-west Mexico. Both 
aldrin and dieldrin were detected in the sediments at 
concentrations ranging from 1 to 5 ug/kg. What is 
interesting is that both were never detected in the same 
sample. Based on the other field studies, detecting aldrin 
without dieldrin in sediments is surprising (Rosales, et al. 
1985) .
Aldrin and dieldrin were detected in marine sediments 
from the Rio de Janeiro coastal region. Concentrations 
ranged up to 11 ug/kg (total) in the 2 cm samples, but 
decreased to below detection limits in the 10 cm samples 
(Japenga, et al. 1988).
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Sediment samples were collected from the Arabian Sea 
along the central west coast of India. Aldrin was detected 
in 6 of 14 samples at concentrations ranging from 0.95 to 
35.7 ng/g. Dieldrin was detected in only one sample at 0.88 
ng/g (Sarkar and Sen Gupta, 1987). Sediments collected 
along the Bay of Bengal in India had 20 to 530 ng/g of
aldrin and 50 to 510 ng/g of dieldrin. Aldrin
concentrations were greater than dieldrin in 18 of the 
samples and dieldrin concentrations were greater than aldrin 
in seven of the samples (Sarkar and Sen Gupta, 1988).
Sediment samples were collected from the Bay of 
Pozzuoli in Italy. Aldrin was detected in none of the 10 
samples. Dieldrin was detected in two samples at 13 and 238
ug/kg (Damiani, et al. 1987).
Sediment and water samples were collected from the 
Rhine-Meuse Estuary and the adjacent coastal area in the 
Netherlands. Dieldrin was detected in suspended sediment 
samples, but not in solution in the water samples (Duinker 
and Hillebrand, 1979).
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Sediment samples were collected from Manukau Harbour in 
New Zealand. Aldrin was not detected but dieldrin was 
detected at concentrations ranging from 0.3 to 0.5 ng/g 
(Fox, et al. 1988).
Several studies on the behavior of aldrin and dieldrin 
in animals have been conducted. To ascertain the 
partitioning of dieldrin in biota, sea cucumber and star 
fish samples were collected from Rijeka Bay in Yugoslavia.
In both species, the concentration of dieldrin in lipid 
tissues was 5 to 50 times the whole body concentration.
This indicates a partitioning of dieldrin into the lipid 
fractions of the animals as would be expected from 
dieldrin's hydrophobicity (Picer and Picer, 1986).
Two species of fish, the ten pounder and the milkfish, 
were sampled from a Hawaiian canal. Dieldrin was found in 
the highest concentrations in the liver of the ten pounder, 
and in the brain of the milkfish. Concentrations in the 
fish were higher than in algae or sediments (Schultz, et al. 
1975). In oysters collected in the Gulf of Mexico the ratio 
of the dieldrin concentration in the oysters to that in the
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sediments was 34 (Wade, et al. 1988). In New Loch Leven, 
Scotland, following the discontinuation of dieldrin use, 
dieldrin concentrations in fish decreased with a half-life 
of 0.56 to 0.82 years (Wells and Cowan, 1984). Dieldrin was 
detected in fish from lakes in the Atchafalaya River basin 
in Louisiana at concentrations from below detection limit to 
0.62 ug/g in six of the eight species sampled. Dieldrin was 
not detected in sunfish or bowfin (Winger and Andreasen,
1985). The primary route of dieldrin uptake into a 
freshwater filter feeder, Sphaerium corneum, was shown to be 
by direct partitioning of residues into lipoidal tissues 
from the water. The bioconcentration factor was 1000 
(Boryslawskyj, et al. 1987). Dieldrin concentrations in 
clams in the Apalachicola River in Florida ranged between 
0.5 and 2.9 ug/kg. Concentrations in the associated 
sediments ranged from less than 0.1 to 0.1 ug/kg (Elder and 
Mattraw, 1984).
To summarize the results of the field studies, dieldrin 
has been detected in fresh water and marine sediments in 
most parts of the world. Aldrin was occasionally detected, 
but not as frequently as dieldrin. Concentrations decreased
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rapidly with depth in the sediment. Aldrin and dieldrin 
were generally not detected in the water in large bodies of 
water. In rivers and smaller bodies, dieldrin was often 
detected and aldrin was occasionally detected. In water 
these compounds may be sorbed to suspended materials.
Aldrin and dieldrin were both detected in biota, although 
dieldrin was detected more often and at higher 
concentrations. Concentrations varied between species and 
tissues in a single species. Concentrations in biota tended 
to be greater than the concentration in the associated 
sediments.
2.3.6 Laboratory Studies. Many laboratory studies 
investigating the behavior of aldrin and dieldrin in the 
environment have been performed. A number of these studies 
are documented below.
Soils were amended with 15.6 ug/g of aldrin and crops 
were then grown on them. Sampling 5 years later showed 
residues of dieldrin in the soil, up to 1 ug/g of dieldrin 
in carrots, and up to 0.3 ug/g of dieldrin in potatoes. No
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aldrin was detected in the crops (Lichtenstein, et al.
1970).
Another study on the degradation of aldrin in soils 
found that the primary degradation product was dieldrin, but 
a dicarboxcylic acid was also formed on the non-chlorinated 
ring (Stewart and Gaul, 1977). A study to determine the 
soil degradability of a variety of pesticides was performed. 
The amount degraded was determined by the amount of carbon 
dioxide evolved. Of the pesticides studied, the dieldrin 
soil showed a large evolution of carbon dioxide (Stojanovic, 
et al. 1972a). Although this study claimed otherwise, based 
on the results of other field and laboratory studies it 
appears unlikely that dieldrin would degrade to carbon 
dioxide in a soil system. Thus, the conclusions of this 
study are questionable. A three year study of dieldrin in 
surface field soil at concentrations less than 1 ug/g showed 
essentially no loss of dieldrin (Suzuki, et al. 1975). 
Samples collected from agricultural soils in Sudan were 
incubated in the presence of dieldrin. Recoveries of 
dieldrin ranged from 76 to 97 percent. Degradation products 
were not identified (ElBeit, et al. 1981).
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Several studies were performed to investigate the 
potential for microorganisms to degrade aldrin and dieldrin. 
The soil microorganism Trichoderma viride was found to 
degrade dieldrin to 1.9 percent water soluble metabolites 
and 40.8 percent non-dieldrin, solvent soluble metabolites. 
The solvent was not specified (Matsumura and Boush, 1968). 
Pseudomonas sp. microorganisms obtained from soil samples at 
RMA were able to degrade dieldrin to a combination of water 
soluble and solvent soluble metabolites. Water soluble 
compounds ranged from 14.1 to 62.3 percent of the total 
metabolites. Solvent soluble compounds ranged from 4.8 to
31.2 percent of the total metabolites (Matsumura, 1967). 
Subsequent work identified some of the metabolites of 
Pseudomonas sp .  degradation. They include aldrin and 
several compounds with an additional oxygen bonded to the 
dieldrin molecule (Matsumura, et al. 1968). In a glucose 
medium, the microorganism Trichoderma koninqi was found to 
degrade a significant fraction of dieldrin. Metabolites 
were not identified (Bixby, 1971). Using oceanic 
microorganisms, aldrin was degraded to dieldrin (23 percent 
conversion) and aldrin diol (8 percent conversion).
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Dieldrin was degraded to aldrin diol and photodieldrin (each 
at less than 3 percent conversion) (Patil, et al. 1972). 
Several molds were also found to degrade aldrin to a variety 
of transformation products (Tu, et al. 1968). An experiment 
was performed to determine the biodegradability of dieldrin 
in waste composting. Of the original dieldrin in the 
sample, 97.3 percent was recovered indicating little or no 
degradation occurred (Muller and Korte, 1975). These 
studies indicate that microorganisms generally convert 
aldrin to dieldrin, but dieldrin is not always the end point 
of the transformation.
Studies performed to determine the uptake of 
organochlorine pesticides in a variety of marine animals 
showed that aquatic organisms acquire most of the pesticide 
residues in their tissues directly from the water they live 
in rather than from the food they eat. Concentrations of 
hydrophobic pesticides such as aldrin and dieldrin in the 
various biota can be expected to be a strong function of the 
lipid content of the tissues (Edwards, 1978). Aldrin is 
expected to bioaccumulate significantly due the high 
bioconcentration factor. However, aldrin is rapidly
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metabolized to dieldrin in many aquatic species making the 
calculations for the uptake of aldrin difficult. Dieldrin 
is essentially a stable compound in many species so can be 
expected to bioaccumulate conservatively (U.S. Environmental 
Protection Agency, 1979).
Early analytical work for aldrin consisted of thin 
layer chromatography, often aided by the use of radionuclide 
labeled pesticides. Subsequent work used gas chromatography 
and gas chromatography/mass spectroscopy which provided 
lower detection limits and greater confidence in the 
identification of compounds. (Wegman and Hofstee, 1982, 
Alford-Stevens, et al. 1988).
Several models have been developed to describe the 
behavior of a variety of pesticides in environmental 
systems. An analytical model for steady state completely 
mixed flow in freshwater lake systems was developed but not 
initialized for aldrin or dieldrin (O'Connor, 1988) . A 
small model ecosystem was used to study the fate of 
dieldrin. Dieldrin was not degraded to a significant 
degree, but was bioaccumulated, especially by snails
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(Sanborn and Yu, 1973). A model was developed to describe 
the distribution of dieldrin in mammals. This model 
predicts that dieldrin will tend to migrate to the lipid 
tissues and that it will be excreted very slowly (Lindstrom, 
et al. 1974).
The sorptive behavior of dieldrin was studied. It was 
found to sorb more strongly to sediments than to a sandy 
loam or a sand. Even with multiple rinses, a maximum of 10 
percent of the dieldrin desorbed from the soils (Sharom, et 
al. 1980). A study was performed to determine the strength 
of sorption of organochlorine pesticides to organic carbon 
and clay in sediments. The study determined that the 
pesticides sorbed more strongly to the organic carbon than 
to the clay. However, it also showed that in lake sediments 
the organic carbon itself exists primarily bonded to the 
clay particles. Thus in actual lake sediments the 
pesticides can sorb to the clay mineral or to the organic 
carbon fraction of the organic carbon-clay complex 
(Stevenson, 1975).
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A study was performed to determine the low temperature 
thermal degradation potential of dieldrin. Detectable 
degradation was not obtained until the dieldrin reached 
230°C (Stojanovic, et al. 1972b). In another study, aldrin 
was found to be very stable thermally with no degradation 
noted at 250°C (Sittig, 1985). In a laboratory situation 
aldrin and dieldrin are both very stable in the presence of 
alkali. Refluxing with alcohol also has no effect. Aldrin 
is soluble in aromatics, esters, ketones, paraffins, and 
halogenated solvents (Sax, 1984). Studies have also been 
performed to determine the degradability of aldrin and 
dieldrin exposed to radiation. Aldrin and dieldrin were 
dissolved in hexane and subjected to 0.5 - 2.5 mega rads of 
gamma radiation. Degradation ranged from 0 to 33 percent 
and was highly variable between identical runs (Ceurvels, et 
al. 1974).
Photolysis of aldrin exposed to sunlight in rice paddy 
water produced a 25 percent yield of dieldrin after 36 
hours. The half-life for aldrin in salt water was found to 
be 1.1 day with the primary degradation product being 
photoaldrin (U.S. Environmental Protection Agency, 1979).
T-3969 43
In another study the effect of ultraviolet light on aldrin 
and dieldrin showed conversion of aldrin to photoaldrin and 
dieldrin to photodieldrin at a wavelength of 300 nanometers 
(Matsumura, 1973). A study was performed to determine the 
effect of photosensitizers on the photodegradation of aldrin 
and dieldrin. Rotenone applied at 100 ug/g increased 
photodegradation of aldrin and dieldrin from 5.3 and 4.5 
percent to 50.2 and 73.9 percent respectively (Ivie and 
Caseda, 1971).
Volatilization of aldrin was reported to be an 
important migration process with half-lives on the order of 
a few hours to a few days. Half-lives from pure water were 
shorter than half-lives in the Sacramento River and San 
Francisco Bay (U.S. Environmental Protection Agency, 1979). 
This indicates that the presence of dissolved and suspended 
matter impedes the volatilization of aldrin.
To summarize the results of the laboratory studies, 
aldrin was found to readily degrade to dieldrin in soils. 
Several degradation studies showed some loss of dieldrin, 
but often individual metabolites were not identified.
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Metabolites that were identified were structurally similar 
to the original compounds. Often the degradation was 
attributed to specific acclimated microorganisms. Both 
aldrin and dieldrin were found to sorb strongly and nearly 
irreversibly to soils. When aldrin and dieldrin were both 
applied to soil, dieldrin was detected in crops grown on 
that soil. The mechanism of uptake of aldrin and dieldrin 
into biota was found to be by direct sorption from the 
water, not through the food chain. Once in the body of the 
organism, aldrin was generally metabolized to dieldrin. The 
dieldrin accumulated in species and tissues with higher 
lipid contents. Aldrin and dieldrin were not susceptible to 
thermal degradation at temperatures less than 200°C, nor did 
they degrade when refluxed with solvents. In laboratory 
situations photolysis and volatilization of aldrin and 
dieldrin were found to be significant with half-lives on the 




The data collection methods discussed consist of the 
choice of sampling locations, the sampling procedures, the 
sample analysis procedures, and the quality assurance and 
quality control. Also discussed is kriging gridding and 
contouring methods used to analyze and present the data.
Two sets of data are used in this thesis. The first set of 
data is that collected by WES in 1982 prior to the author's 
involvement in the investigation. The second set of data 
was collected by Ebasco in 1988 during which the author was 
actively involved in choosing sampling locations, designing 
sampling methods, supervising sampling, choosing analytical 
procedures, and evaluating and reporting the data. For this 
reason, the methods described are those used in the Ebasco 
investigation. Where the WES methods deviated significantly 
from the Ebasco methods, the WES methods are described.
3.1 Choice of Sampling Locations
Sampling locations were chosen to provide a sampling 
density roughly consistent across the entire lake. The
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number of samples was chosen based on funds available that 
had to be apportioned between sampling, analysis, reporting, 
and management.
The majority of sediment samples were collected from 
depths of one meter or less. These depths were chosen based 
on the fact that the compounds of concern were not expected 
to migrate rapidly through the sediment. In addition, the 
sampling crews discovered that the sediments were relatively 
soft and easy to sample, whereas the underlying materials 
were very difficult to penetrate.
3.2 Sampling Procedures
Sampling procedures for sediment, water, and biota are 
described below.
Sediments were sampled using a drill rig mounted on a 
small floating barge. The barge was maneuvered into 
position using an outboard motor. Once in position, solid 
rods located at the corners of the barge were driven into 
the sediments to secure it. Samples were collected using 
the following procedure:
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1. A split-spoon sampler was driven 60 centimeters 
into the lake bottom;
2. The hollow-stern auger was advanced around the 
split spoon to the depth of the bottom of the 
split spoon;
3. The split spoon was removed, opened, and sediment 
samples were placed into pre-cleaned, wide-mouth, 
glass jars; and
4. A clean split spoon was then placed into the 
hollow-stem auger and driven the next 60 
centimeters and the process was repeated.
Sample jars were immediately labeled and placed in 
coolers at 4°C.
Sample recovery was sometimes poor, especially in the 
sediments described by the sampling crew as being slimy. 
Often in these locations several attempts at locations 
immediately adjacent to the original would be required to 
obtain adequate sample recovery. In areas where claystone 
was underlying the sediments it was usually not possible to
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collect a sample more than a few centimeters into the 
claystone.
The sample collection procedure for the WES 
investigation differed from the Ebasco procedure. Prior to 
WES collecting samples, the lake was drained. WES personnel 
were then able to walk onto the lake sediments and collect 
samples using hand sampling equipment.
Water samples were collected using a grab sampler. The 
sampler was hand operated from a small boat. Collected 
water was immediately transferred to pre-cleaned amber glass 
bottles and placed in coolers at 4°C.
Fish were collected by electroshock. An electric probe 
was placed into the water, a current applied, and stunned 
fish floated to the surface. Selected fish were collected 
and immediately transferred to a cooler at 4°C.
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3.3 Analytical Procedures
Samples were analyzed for pesticides using gas 
chromatography (GC) and gas chromatography/mass spectroscopy 
(GC/MS) techniques.
The pesticide data included in this report are those 
which were obtained using gas chromatography analytical 
techniques. These techniques provide excellent quantitative 
results. They provide good confidence in the compound 
identification, but not as good as gas chromatography/mass 
spectroscopy techniques. Gas chromatographic identification 
errors are most commonly false positive results caused by an 
unknown compound eluting at the same retention time as the 
compound of interest. The likelihood of this occurring is 
reduced by performing confirmational analysis on a second 
chromatographic column with different properties than the 
original column. Second column analyses were performed for 
samples with detectable of aldrin or dieldrin.
Analytical methods are described below. Samples were 
extracted in a 1:1 hexane/acetone solvent mixture. Some 
potentially interfering compounds were removed by passing
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the extract through an alumina column. An aliquot of the 
extract was injected into a Varian Model 6000 gas 
chromatograph equipped with a DB-17 fused-silica column and 
an electron capture detector. The carrier gas was helium 
flowing at a linear velocity of 20 to 30 centimeters per 
second. The injector temperature was set at 250°C, the 
detector at 300°C, and the column was ramped from 150°C to 
275°C at a rate of 5°C per minute. When compounds were 
detected, the extract was analyzed on a 3% QF1 + 3% OV17 
column for confirmation of the identification. Compounds 
were identified based on retention time and quantified based 
on area under the peak as compared to reference standards. 
Extraction efficiencies were 80 to 100 percent. The method 
is capable of detecting the following compounds: aldrin, 
dieldrin, isodrin, endrin, p,p'-DDE, p,p'-DDT, 
hexachlorocyclopentadiene, and chlordane.
6C/MS methods provide a higher degree of confidence in 
the compound identification, but poorer detection limits. 
After the WES investigation, but prior to the Ebasco 
investigation reported here, another investigation was 
conducted by Ebasco. Sediments in this investigation were
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analyzed for pesticides using GC/MS methods (U.S. Army, 
1989a). The concentrations found in this investigation for 
all sediment samples collected from Lower Derby Lake were 
less than reporting limit for aldrin and dieldrin. The 
reporting limit for the GC/MS results was 0.3 ug/g for both 
aldrin and dieldrin. The reporting limit for the GC method 
was 0.0019 ug/g for aldrin, and 0.0033 ug/g for dieldrin.
3.4 Quality Assurance/Qualitv Control (OA/QC)
QA/QC consisted of field controls and laboratory 
controls. Field Controls consisted of equipment 
decontamination, audits of field procedures, and chain-of- 
custody.
Equipment decontamination consisted of steam cleaning for 
large equipment such as drill augers and steel, and steam 
cleaning with solvent rinses for equipment that would 
contact the samples. Rinse blanks were collected and 
analyzed to confirm the effectiveness of the decontamination 
procedures. Audits of field procedures were conducted to 
ensure that field sampling crews were complying with 
accepted standard operating procedures. Chain-of-custody
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seals and forms were used to ensure that samples were not 
tampered with between leaving the sampler's control and 
arriving in the analyst's control.
Laboratory controls consisted of trip blanks, rinse 
blanks, duplicates, standards, spikes, and lab blanks. Trip 
blanks were used to determine if a sample traveling in the 
sample cooler and exposed to the air of the sampling site 
would become contaminated. Rinse blanks were used to 
confirm that equipment decontamination was adequate. 
Duplicate samples were analyzed to determine laboratory 
variability. Standards were run to calibrate the analytical 
equipment and document the drift in the calibration. Spikes 
were run to determine sample recoveries. Lab blanks were 
run to determine carry-over in the analytical equipment.
The results of the field and laboratory QA/QC program were 
reviewed to determine if the data were acceptable. All 
Ebasco data included in this report were deemed acceptable.
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3.5 Griddinq and Contouring Methodology
The current distribution of aldrin and dieldrin in the 
sediments is a function of the original location of 
deposition, the migration since deposition, and degradation. 
The original location of deposition is a function of inlet 
location, lake mixing, and particle settling. Migration 
since deposition is a function of agitation, resuspension, 
and settling. Degradation is a function of sorption to 
sediments, light penetration, and biotic activity. Thus, 
concentrations of aldrin and dieldrin in the sediments are 
expected to vary from one part of the lake to another. To 
show the spatial distribution the results are presented as 
contaminant contour maps.
The contaminant contour maps were generated using a 
kriging methodology and the Surfer version 4 software 
program (Golden Software, 1988). A brief description of 
this methodology is presented below. A more detailed 
description and a discussion of the optimization of this 
methodology for the lake sediment data are presented in 
Appendix A.
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Kriging is a gridding algorithm used to produce a grid 
of regularly spaced X,Y grid points from data that were 
collected at irregularly spaced X,Y locations. Contour 
lines are then produced based on the grid results. 
Optimization of the algorithm consists of several steps. 
First, a grid density that is fine enough to represent the 
data without producing grid points that are not directly 
supported by the data is determined. A search method that 
will consider the appropriate data points based on their 
location is then decided upon. Next, the number of data 
points to consider is determined. To finish the gridding 
process, grid smoothing techniques are employed. Finally, 
contour intervals are chosen and contour lines are produced. 
The aesthetics are improved by removing contour lines that 
the algorithms extended beyond the boundaries of the lakes.
A decision was required to choose the contour interval 
to use and whether that interval should be the same for all 
of the distribution maps. A consistent contour interval 
would facilitate a direct visual comparison between the 
various maps. However, it would result in loss of detail on 
some maps and crowding of contour lines on other maps. The
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compromise settled upon was to use three separate scales. 
One scale for the aldrin results (10, 100, 1000, 5000, 
10,000), one for the dieldrin results (5, 10, 25, 50, 100, 
250), and one for the aldrin/dieldrin ratios (1, 3, 5, 10, 
25, 50, 100). Aldrin and dieldrin concentrations are in 
units of micrograms per kilogram.
The non-contour line features of the map were also 
computer produced. The lake boundary was digitized and 
input into Surfer. The title, north arrow, and units were 




The distribution of aldrin and dieldrin is discussed in 
detail. The occurrence of related compounds is discussed 
briefly.
4.1 Distribution of Aldrin and Dieldrin
The distribution of aldrin and dieldrin in the 
sediments, water and biota is discussed below.
4.1.1 Sediments. The aldrin and dieldrin results for 
the WES investigation are presented in Table 4.1. The 
aldrin and dieldrin results for the Ebasco investigation are 
presented in Table 4.2. Sample locations for the WES 
investigation are shown on Figure 4.1. Sample locations for 
the Ebasco investigation are shown on Figure 4.2.
As discussed in Chapter 2, sedimentation rates in Lower 
Derby Lake are approximately 2 cm/yr. Over the six year 
period between the two studies, that would lead to an 
additional 12 cm of sediment being deposited. Based on this
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Table 4.1: WES Sample Results
Location Sample Results 
(ug/kg)
Aldrin Aldrin Dieldrin Dieldrin
0-30 cm 30-60 cm 0-30 cm 30-60 cm
interval interval interval interval
901 3 1 5 1
902 1 1 2 1
903 1 1 4 1
904 1 1 2 1
905 2 1 13 1
906 6 1 11 1
907 6 2 8 1
908 7 3 7 1
909 7 1 20 1
910 170 3 320 3
911 40 2 50 1
912 6 1 54 2
913 5 1 22 7
914 52 4 28 3
915 54 1 23 1
916 5 16 8 22
917 20 1 3 1
918 12 1 7 5
919 2700 160 220 14
920 9 1 24 1
921 23 5 28 3
922 13 3 15 2
923 21 3 2 1
924 11 3 23 2
925 6 1 4 1
926 14 2 23 1
927 19 1 9 1
928 49 1 8 1
929 1 1 1 1
Note: Detection limit is 1 ug/kg. Results of less than 
detection limit are reported as 1 ug/kg.
Source: U.S. Army, 1987a
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Table 4.1 (continued)
Location Sample Results 
(ug/kg)
Aldrin Aldrin Dieldrin Dieldrin
0-30 cm 30-60 cm 0-30 cm 30-60 cm
interval interval interval interval
930 12 1 10 1
931 7 1 5 1
932 6 3 7 1
933 4 1 5 1
934 150 2 26 5
935 9200 28 180 36
936 220 7900 53 180
937 62 100 46 51
938 51 17 51 10
939 49 310 34 16
940 48 19 92 8
941 6 1 10 1
942 3 1 1 1
943 43 15 40 19
944 36 1 5 1
Note: Detection limit is 1 ug/kg. Results of less than 
detection limit are reported as 1 ug/kg.
T-3669 59
Table 4.2: Ebasco Sample Results
Location Sample Results 
(ug/kg)
Aldrin Aldrin Dieldrin Dieldrin
0-30 cm 30-60 cm 0-30 cm 30-60 cm










47 8 4 4 4
48 10 4 4 4
49 4 4 4 4
50 4 4 4 4
51 4 4 4 4
52 88 4 5 4
53 13000 9 200 4
54 14 4 4 4
55 9 4 7 4
56 14 1600 4 8
57 13 4 4 4
58 8 4 4 4
59 4 4 4 4
60 4 4 4 14
61 21 44 4 4
62 9 4 4 4
63 4 4 4 4
Note: Detection limit is 4 ug/kg. Results of less than 
detection limit are reported as 4 ug/kg.


























































sedimentation rate, the 0-30 cm interval Ebasco samples may 
actually have been collected 12 cm above the 0-30 cm 
interval WES samples.
For aldrin in the 0-30 centimeter interval, the WES 
results show a bi-modal distribution with the highest 
concentrations near the inlet and near the deeper western 
part of the lake. See Figure 4.3. The Ebasco results show 
a similar distribution near the inlet, but lower 
concentrations in the deeper part of the lake. See Figure 
4.4. This may indicate degradation or removal throughout 
the lake with an influx of contaminants from the upstream 
ditches being deposited near the inlet.
For aldrin in the 30-60 centimeter interval, the WES 
results again show the bimodal distribution, but with the 
highest concentrations being in the deeper western part of 
the lake. See Figure 4.5. The Ebasco results from the 60- 
90 centimeter interval show relatively low concentrations 
near the inlet, but higher concentrations in the deeper 
western part of the lake. See Figure 4.6. No influx of 































































































































For dieldrin in the 0-30 centimeter interval, the WES 
results show a bimodal distribution as they did for aldrin, 
but at lower concentrations. See Figure 4.7. The Ebasco 
results show the highest concentration being near the inlet 
as they did for aldrin. See Figure 4.8. Again this may be 
indicative of degradation or removal throughout the lake 
with an influx of contaminants at the inlet.
For dieldrin in the 30-60 centimeter interval, the WES 
results show higher concentrations in the deeper western 
part of the lake. See Figure 4.9. The Ebasco results from 
the 60-90 centimeter interval show very little dieldrin 
being present. See Figure 4.10. This may be indicative of 
degradation of the dieldrin between 1982 and 1988 or may be 
due to the greater depth of the Ebasco samples. No influx 
of contaminants would be expected at this depth.
For the WES results, locations where aldrin 
concentrations are elevated at the surface, they are also 
elevated at depth. Also, at locations where aldrin is 



























































































































The Ebasco results are not as internally consistent as 
the WES results. Where aldrin concentrations are elevated 
at the surface, they are not elevated at depth. The same 
pattern is seen for dieldrin. Also, locations where aldrin 
concentrations are elevated at depth they are not elevated 
at the surface. Aldrin concentrations in the surface 
compare well with dieldrin concentrations in the surface but 
aldrin concentrations at depth do not correlate with 
dieldrin concentrations at depth. A partial explanation of 
the differences between intervals is that the Ebasco results 
are from intervals 30 cm apart while the WES results are 
from adjacent intervals. To quantitatively compare the 
aldrin and dieldrin results, ratios were calculated and 
plotted. The results are expressed as the ratio of the 
aldrin concentration divided by the dieldrin concentration.
Figure 4.11 shows the ratio for the WES data for the 0- 
30 centimeter interval. The ratio ranges from less than 1 
to greater than 25. The larger ratios are in the areas 
where the higher aldrin concentrations were found. Figure 



































































interval. A similar trend is seen, with ratios ranging from 
less than 1 to greater than 50. The higher ratios are again 
at locations near the higher aldrin concentrations.
Figure 4.13 shows the ratio for the WES data in the 30-60 
centimeter interval. The ratios range from less than 1 to 
greater than 25 with the higher ratios at locations where 
higher aldrin concentrations were detected. Figure 4.14 
shows the ratio for the Ebasco data in the 60-90 centimeter 
interval. The ratios range from less than 1 to greater than 
100. The higher ratios are found in locations where higher 
concentrations of aldrin were reported.
The difference in the distribution of aldrin and 
dieldrin between the 1982 and the 1988 studies may be due to 
movement, removal, or degradation of the contaminants, or 
may be indicative of localized areas of high concentration 
sampled in one study but missed in the other. The 
variations may be partially caused by the differences in 
sampling and analysis techniques. The overlying trend 
observed in the ratio of aldrin to dieldrin is that 
locations with higher aldrin concentrations will have higher 


































































following possible conclusions: the aldrin was deposited at 
different locations than the dieldrin, the aldrin is 
migrating at different rates than the dieldrin, or the 
aldrin is degrading at different rates or by different 
mechanisms in areas of high concentrations than in areas of 
low concentration.
Since both aldrin and dieldrin were deposited into the 
lake throughout the operation of the plant it seems unlikely 
that they were deposited at different locations or by 
different processes. Also, since they have similar 
properties they are expected to exhibit similar migration 
tendencies. This leaves the possibility that the aldrin may 
be degrading differently than the dieldrin.
Since toxic materials impede biological action at 
higher concentrations, and the ratio of aldrin to dieldrin 
is higher at locations of higher aldrin concentration, it is 
reasonable to hypothesize that the degradation occurring is 
biological in nature. The degradation occurs at a greater 
rate in areas of low concentration, but in the areas of
T-3969 79
higher concentration the rate of degradation is slower, 
possibly due to the biological processes being impeded.
Since the lower ratios of aldrin to dieldrin are in the 
shallower areas of the lake, photodegradation may be greater 
in these shallow areas where light penetration is greater. 
Since the analytical methods did not measure photoaldrin 
(the primary photodegradation product of aldrin) assessing 
the extent of photodegradation is not possible.
Several trends are seen in the overall behavior of the 
aldrin and dieldrin in Lower Derby Lake. Aldrin and 
dieldrin are present 16 to 44 years after the deposition.
The compounds are present in the sediments and biota, but 
were not detected in the water. The highest concentrations 
in the sediments were detected near the lake inlet and at 
the deepest part of the lake. The ratios of aldrin to 
dieldrin are highest in the locations where the higher 
concentrations of dieldrin were detected. Dieldrin was 
detected in the biota at higher concentrations than was 
aldrin. Sediment concentrations at 30 to 90 centimeters
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depth are less than those in the shallower samples, but are 
still at detectable concentrations.
Comparing this behavior with the documented field and 
laboratory studies leads to several expected and a few 
unexpected findings. Aldrin and dieldrin are present in 
sediments throughout the world, although dieldrin is found 
more frequently and at higher concentrations than aldrin. 
This is opposite to the case at Lower Derby Lake where 
aldrin was detected at higher concentrations than dieldrin. 
Most biota studies have found dieldrin more often and at 
higher concentrations than aldrin. This compares well with 
the Lower Derby Lake data. Most field studies found little 
or no aldrin or dieldrin in sediments below a depth of 15 
centimeters. In Lower Derby Lake detectable concentrations 
were found at 60 and 90 centimeters.
4.1.2 Water. Neither aldrin nor dieldrin was detected 
in the water in the one sample collected. This is not 
surprising based on the concentrations in the sediments 
being in the ug/kg range and the reported Log and Kw 
values being in the range of 3.5 to 7.4 while the detection
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limits in water are only in the low ug/1 range. Much lower 
detection limits in water would be required to detected the 
aldrin and dieldrin if the compounds were in equilibrium. 
Also, if the compounds were present in the water in 
appreciable quantities then they would be continuing to 
leave the sediments and wash downstream. The fact that the 
sediments still contain aldrin and dieldrin attests to the 
fact that due either to kinetic or equilibrium limitations, 
aldrin and dieldrin do not easily partition into the water 
phase.
4.1.3 Biota. Both aldrin and dieldrin were detected in 
biota samples collected from Lower Derby Lake. Aldrin and 
dieldrin were detected in largemouth bass at concentrations 
up to 0.86 ug/g. In bluegill, the maximum concentration 
detected was 0.16 ug/g. In black bullhead, the maximum 
concentration was 0.21 ug/g. in all of the species where 
the pesticides were detected, dieldrin was present at 
concentrations approximately ten times greater than aldrin.
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4.2 Mass of Aldrin and Dieldrin Present
To provide a summary comparison between the WES 
investigations of 1982 and the 1988 Ebasco investigation, 
the total masses of aldrin and dieldrin present were 
calculated. The results of this calculation are presented 
in Table 4.3.
The mass calculation was performed using the grids 
produced for the contour maps. These grids have units of 
distance in the X and Y directions and units of 
concentration (mass contaminant per mass sediment) in the Z 
direction, resulting in units of area times concentration. 
Multiplying the grid by a unit thickness and by the bulk 
density of the sediments provides the value for the mass of 
contaminant contained in the sediment in the unit layer. 
This calculation is shown in the following:
M = A(M*/M.) * T * (M./V) 
where:
M = Total mass of contaminant
A = Area of lake in cm2
>4, = Mass of contaminant in grams in sample
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Table 4.3: Mass of Aldrin and Dieldrin Present
Mass of Pesticide Present
Aldrin Dieldrin 






0-30 69 8 77
30-60 41 2 43
60-90 * 25 0 25




0-30 80 2 82
30-60 ** 47 2 49
60-90 15 1 16
Total (0-90) 142 5 147
Notes:
* Calculations were performed by linearly
extrapolating the decrease between the 0-30 cm 
interval and the 30-60 cm interval.
** Signifies that the calculations were performed 
by averaging the intervals above and below this 
interval.
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M, = Mass of sediment in grams in sample 
T = Unit thickness in cm 
V = Volume of sediment in cm3 
noting that:
Mb/M. = Concentration 
M./V = Bulk density
The bulk density of soils in the vicinity of Lower 
Derby Lake is approximately 1.5 grams per cubic centimeter 
(U.S. Army, 1989a) . The sediments were assumed to have the 
same bulk density. A 30 centimeter unit thickness was used 
with the WES and Ebasco grids from the 0-30 centimeter 
interval. Since the next WES interval was 30-60 centimeters 
but the next Ebasco interval was 60-90 centimeters, 
extrapolations were made. The 30-60 centimeter WES grid was 
multiplied by the ratio of the result of the 30-60 
centimeter interval divided by the 0-30 centimeter interval 
to provide an estimate of the mass in the 60-90 centimeter 
interval. The 30-60 centimeter interval defined by the 
Ebasco data was calculated by averaging the mass in the 0-30 
and 60-90 centimeter intervals.
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The final result of the mass calculation is that the 
total mass of aldrin plus dieldrin has changed little in the 
time between the WES and Ebasco studies. Considering the 
spatial variability in the distribution of aldrin and 
dieldrin between the WES and Ebasco studies, it is 
surprising to find that the numbers are so close. The fact 
that the numbers are so close may be more indicative of the 
averaging of many variations rather than stability in the 
system. However, many of the field studies have shown 
aldrin and dieldrin to be especially stable in the 
environment. It is interesting to note that the overall 
ratio of aldrin to dieldrin is 14 to 1 in the WES study and 
28 to 1 in the Ebasco study. This is contrary to most of 
the field studies where dieldrin concentrations greatly 
exceeded aldrin concentrations.
4.3 Occurrence of Related Compounds
Other compounds related to aldrin and dieldrin were 
detected. These consisted of endrin, isodrin, and several 
other chlorinated pesticides.
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Of the organochlorine compounds, the WES study reported 
only the results for aldrin and dieldrin. In the Ebasco 
study, endrin was detected at concentrations ranging from 
0.013 to 0.11 ug/g and isodrin was detected at 
concentrations ranging from 0.0028 to 0.15 ug/g. Since 
these compounds are stereoisomers of aldrin and dieldrin, 
they may have been byproducts of the production of aldrin 
and dieldrin.
The Ebasco study detected a variety of other compounds. 
DDT and DDE were detected at concentrations ranging from 
0.0037 to 0.059 ug/g. DDT may have been produced by 
Colorado Fuel and Iron from 1946 to 1948. DDT was used for 
pest control at the site (U.S. Army, 1989b). Chlordane, 
which was produced by Shell, was detected at concentrations 
ranging from 0.53 to 0.30 ug/g.
The Ebasco Phase I investigation GC/MS non-target 
results reported a compound in the 0-30 centimeter interval 
of boring 19 with a spectrum resembling aldrin. 
Dibromochloropropane was also detected at several locations, 
all at concentrations less than 1 ug/g.
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Hexachlorocyclopentadiene was a primary feedstock used 
for the production of aldrin and dieldrin. Although the 
analytical methods used in the Ebasco study were capable of 





In several respects, the aldrin and dieldrin present in 
Lower Derby Lake are not behaving as would be expected. 
Conclusions regarding degradation and loss are drawn and 
expected future behavior is discussed.
5.1 Degradation and Loss
Many of the laboratory and field studies indicate that 
aldrin should be volatilized or converted to photoaldrin or 
dieldrin in a few days to a few weeks in an aquatic 
environment. In Lower Derby Lake this is not the case. 
Aldrin seems to be very stable, especially in the areas 
where higher concentrations are present. Since both 
chemical and biological mechanisms seem to be possible 
pathways for conversion of aldrin to dieldrin, and 
mechanisms should be available to transport aldrin out of 
the lake, something is blocking those mechanisms. Based on 
the presence of detectable concentrations of aldrin and 
dieldrin in the sediments and biota, but not in the water,
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the blocking may be a function of the aldrin and dieldrin 
being sorbed very strongly to the sediments.
Several mechanisms could contribute to the degradation 
of aldrin and dieldrin. Since neither photoaldrin nor 
photodieldrin was included in the analytical methods used, 
it is not possible to determine if photolysis is occurring. 
However, the results of the documented field and laboratory 
studies have shown it to occur in a variety of similar 
systems. Since the aldrin and dieldrin are still present, 
volatilization must not be occurring. With detectable 
concentrations in the sediments, but not in the water, it 
appears that these compounds have sorbed strongly to the 
sediments. The sorption to the sediments would impede 
volatilization. The sediments that the aldrin and dieldrin 
are sorbed to could also block part of the light that would 
otherwise reach the compounds and thus reduce photolysis. 
Sorption might also hinder the photolysis sterically.
In the laboratory studies, hydrolysis and 
oxidation/reduction reactions were shown to occur only in a 
very vigorous situation that would not be expected to occur
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in a lake. Based on the ratio of dieldrin to aldrin being 
high in the biota, it appears that metabolism by biota is an 
efficient means of converting aldrin to dieldrin (as is 
predicted in the literature), but the mass of contaminants 
ingested by the biota is apparently small compared to the 
total mass of contaminants present or the ratio of dieldrin 
to aldrin would be higher. Given that the LD50s are in the 
mg/kg range and that over 100 kg of aldrin and dieldrin are 
present, it would take on the order of 1,000,000 kg of biota 
to metabolize and store all the aldrin and dieldrin present 
in the sediments. Thus, in terms of the lake system, biota 
are not having a significant effect on the conversion of 
aldrin to dieldrin. Convective transport as dissolved 
compounds in the water must not be occurring to a 
significant degree or aldrin and dieldrin would not still be 
present. Convective transport via suspended sediments must 
be occurring during storms, but apparently does not include 
a significant fraction of the aldrin and dieldrin present in 
the lake sediments, or much of what is lost downstream is 
replaced by compounds entering from upstream.
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The occurrence of aldrin and dieldrin near the inlets 
may be indicative of the materials originally or recently 
deposited in the lakes. The occurrence of elevated 
concentrations of aldrin and dieldrin in the deeper part of 
the lake may be the result of sediment migration to this 
part of the lake. The elevated concentrations in the deeper 
part of the lake may also indicate that this part of the 
lake was not dredged as thoroughly as the rest of the lake, 
possibly due to the fact that deepest part of the lake would 
be difficult to drain thoroughly.
As it appears that the pesticides are strongly sorbed 
to the sediments, it would be interesting to determine what 
fraction of the sediments holds the greatest fraction of 
aldrin and dieldrin. Based on the literature survey, aldrin 
and dieldrin would be expected to be sorbed to the organic 
carbon, the clays, and possibly the silts. If that is in 
fact true, a remedial action that utilized a simple sieving 
process to separate the fine from coarse materials could be 
used to separate the contaminated from uncontaminated 
sediments.
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Several methods could be employed to determine final 
cleanup levels. The most stringent would be to clean up to 
detection limit, however low that limit would be at the time 
of remediation. Another method would be to rely on risk 
based calculations to determine acceptable concentrations 
based on negotiated levels of risk. This approach would be 
augmented by potential land use scenarios and whether man or 
animals or both were to be protected. Based on the 
literature survey, detectable concentrations of aldrin and 
dieldrin appear to be common in many freshwater and marine 
sediments throughout the world. Based on this ubiquitous 
distribution of aldrin and dieldrin, comparisons with the 
concentrations of these compounds in other sediments may 
provide an indication of what concentrations society is 
exposed to in other locations, and what concentration range 
might be reasonable as a cleanup criteria here.
5.2 Expected Future Behavior
Although pesticide production was halted in 1974, there 
exist continuing sources of contamination to the lakes. 
Foremost among these are the sediments in the ditches that 
carry surface water runoff from South Plants to Lower Derby
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Lake. The ditch feeding the north-east corner of the Lake 
had 1 to 20 ppm of aldrin in the shallow sediments. During 
storm events, these sediments presumably are suspended in 
the runoff water, enter the lake, and a fraction settles to 
the bottom. Additionally, windblown dust containing aldrin 
and dieldrin could be a continuing source of contamination.
Three activities are expected to influence the fate of 
aldrin and dieldrin in Lower Derby Lake in the future. The 
first is that through chemical methods, primarily 
photolysis, aldrin and dieldrin are expected to be converted 
to photoaldrin and photodieldrin. This will occur most 
rapidly in the surface sediments in the shallower areas of 
the lake. Since neither study was able to detect 
photoaldrin or photodieldrin, the extent to which this 
reaction has occurred in the past is unknown. The second 
activity is that biota will continue to ingest the 
contaminants and metabolize aldrin to dieldrin. The third 
is that during storm events, contaminated sediments will 
become suspended and will move into the lakes from the 
upstream ditches and move downstream of the lakes via 
convective transport. Thus, the future would be expected to
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hold a lower ratio of aldrin to dieldrin, and after the 
upstream contaminants have been flushed through or removed, 
a smaller total mass of both contaminants.
Overt cleanup actions may consist of in-situ or removal 
techniques. In-situ techniques face the difficulty that 
dieldrin appears to be a natural degradation endpoint unless 
vigorous conditions are applied. These vigorous conditions 
would disrupt or destroy the biotic system. Since dieldrin 
may be more toxic than aldrin, these in-situ degradation 
techniques may not prove to be useful.
Removal techniques, whether or not they require the 
draining of the lakes, are expected to disrupt or destroy 
the biotic system. The preferred removal technique would be 
to partition the lake, drive out the larger animals, and 
dredge the partitioned portion of the lake. The partitions 
would then be removed and the biota system would be allowed 
to recover prior to dredging another part of the lake. A 
partial remedial action with few negative impacts would be 
to dredge the contaminated materials from the ditches. 
Dredging the upstream ditches would minimize the influx of
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aldrin and dieldrin into the lakes. Since these ditches are 
intermittently dry, the impact on aquatic biota is expected 
to be minimal.
Another approach to remedial action would be to enhance 
the solubility and thus encourage the aldrin and dieldrin to 
partition into the water phase. The water could then be 
collected and treated. Unfortunately, many of the 
techniques for enhancing solubility would involve adding 
solvent to the lake water and these solvent would disrupt 
the biota system.
A no-action scenario would be undesirable since it 
would require some limited land use so the general public is 
not impacted by the contaminants that remain in place.
Additional studies would aid in understanding the 
expected future behavior. One simple study would be to 
check the chromatograms from the WES and Ebasco studies to 
see if peaks besides the aldrin and dieldrin peaks are 
present. These peaks could be indicative of process 
byproducts or degradation products such as photoaldrin and
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photodieldrin. If unidentified peaks are found on the 
chromatograms, resampling and analysis by 6C/MS methods 
modified to provide lower detection limits would be 
appropriate. Non-target compound scans of these GC/MS 
chromatograms could be used to determine what degradation 
products may be present in the sediments. This information 
could be used to determine if and to what degree natural 
degradation is occurring.
Another simple study would be to prepare contour plots 
and calculate masses of contaminants for the other lakes and 
ditches south of South Plants. Comparisons between the 
behavior of aldrin and dieldrin in those lakes with Lower 
Derby Lake would provide additional insight into expected 
future behavior. Knowing the total mass of contaminants in 
the other lakes and ditches could also help set priorities 
for each for remedial action.
A more involved study would be to sample the lake 
sediments again. Since the lakes were sampled in 1982 and 
1988, sampling in 1994 would provide a third data set 
equally spaced in time. Additional sampling should include
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a higher sample density at locations where high 
concentrations of pesticides were previously found, at inlet 
locations, and at the deeper portion of the lake. This 
sampling should include some low detection limit GC/MS 
analyses with non-target scans.
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APPENDIX A: GRIDDING METHODOLOGY
Gridding and contouring algorithms are useful for 
analyzing a wide variety of data including topographic, 
geologic, geophysical, environmental, and meteorological.
The results of these analyses can be presented as two- 
dimensional contour plots or three-dimensional surface plots 
(Golden Software, 1988). This appendix presents the 
methodology and optimization of the kriging gridding 
algorithm and associated contouring algorithms were used to 
model the aldrin and dieldrin concentrations in Lower Derby 
Lake sediments.
This appendix is organized in the following manner. An 
overview of the gridding and contouring process is 
presented. The kriging algorithm is then discussed. The 
algorithm is applied to and optimized for lake sediment 
data.
Analysis of any data by gridding and contouring is a 
two-step process. First the data which may have been 
collected at irregularly spaced X,Y locations are analyzed
T-3969 108
and a grid of regularly spaced X,Y locations is produced. 
Contour lines are then drawn through this regular grid.
These processes are discussed below.
For gridding to be an appropriate analysis tool, the 
following three conditions must be present (Davis, 1986): 1) 
The variable must be continuous over the region to be 
gridded; 2) the variable is single valued at a given X,Y 
location; and 3) the variable is predictable to a distance 
greater than the typical data spacing.
Prior to generating contour maps and surface plots, the 
data must be in a regularly spaced form. The kriging 
gridding algorithm is designed to take irregularly spaced 
data points and convert them to the regularly spaced form 
that the contouring routines require. The algorithm lays a 
square or rectangular grid over the area of interest and 
calculates a value at each grid point from the adjacent data 
points. The kriging algorithm requires the following 
information (Davis, 1986): grid density, search method, 
radius to search, and number of adjacent points to use.
These parameters all influence each other and optimization
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is somewhat of a trial and error process. They are 
discussed below.
The grid density is defined as the linear distance 
between grid points. It should be fine enough that only one 
data point is present in each grid box. A grid that is too 
fine will have grid values that are not directly supported 
by the data. One that is too coarse will lose resolution.
The search method is the method that the algorithm uses
to determine what data points to consider. A nearest 
neighbor search uses the closest points. This causes 
problems for data that are of different density in one 
direction than the other. A quadrant search uses 4 points, 
one each from 4 quadrants. A quadrant search is useful for 
sparse data sets. An octant search uses eight points from 8 
octants. An octant search is useful only if the data 
density is high enough to support it.
The radius to search is the distance from a grid point
to search for data points. A radius that is too small will
result in 'holes' or null values in the grid. A radius that
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is too large will result in data being considered that are
only faintly related to the grid point.
The number of adjacent points to use is self
explanatory. This number should be the largest number of
points that can reasonably be expected to be indicative of 
the value at the grid point being calculated. For surfaces 
that change slowly relative to the data density, this number 
should be large. For surfaces that change quickly, this 
number should be small.
Once the grid is created, contouring is a 
straightforward process. Contour intervals are chosen and 
contour lines at these intervals are drawn between the 
appropriate grid points. Basic contouring routines use 
straight lines. Routines for smoothing use curved lines 
such as spline curves (Jones, et al. 1986).
Kriging is a weighted average algorithm. The kriging 
algorithm assumes that regional trends are present in the 
data. This means that data points that are located near 
each other are more likely to have similar values than data
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points that are located far from each other. Based on this 
assumption of a regional variable, a semivariogram of the 
data can be produced. A semivariogram is a representation 
of the data with one-half the variance plotted on the Y 
axis, and sample spacing plotted on the X axis. A typical 
semivariogram shows greater variance at greater sample 
spacing. With the semivariogram, values between the data 
points can be estimated and the error associated with those 
estimates can be calculated.
The equation used by kriging is (Davis, 1986):
where:
Yp = the calculated value at the grid point 
WA = the weight assigned to each data point 
Yt = the data value at each data point.
Kriging is a weighted average calculation where weights 
are calculated for each data point with respect to each grid 
point. W is calculated for each data point by analysis of
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the semivariogram for the data points. If the variance 
increases rapidly at greater sample spacing then higher 
weight is given to near data points. All weights for one 
grid point (in the various directions) are calculated and 
solved simultaneously with the goal of minimizing the error 
of the estimate. The solution at each point requires 
calculations with large matrices and thus is done with a 
computer. The advantage of kriging over other algorithms is 
that it considers the trend in each direction from the grid 
point and solves the equation at that grid point to minimize 
the error of the estimate. Thus over a large number of 
estimates, the average error associated with the kriging 
values approaches zero.
A potential problem with kriging is that it assumes no 
drift in the data so it attempts to flatten regional trends 
(Jones, et al. 1986). This should not be a problem with the 
lake sediment data since a regional trend is not expected.
The kriging calculations were performed using Golden 
Software's Surfer Software (Golden Software, 1988). Surfer
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is menu driven, relatively easy to use, and provides good 
control of output format.
The data used to optimize the routine are the Lower 
Derby Lake WES dieldrin results from the 0-30 centimeter 
interval. The concentration varied from 1 to 320 microgram 
per kilogram. The values have a bi-modal distribution 
across the lake with maxima in the north-east and south-west 
portions of the lake.
The data were entered into a Lotus 1-2-3 file in an 
x,y,zl,z2 format where x was the easting, y was the 
northing, zl was the concentration, and z2 was the sample 
identification number. The lake boundary was digitized and 
input into Surfer as an x-y line.
The first decision was to determine the appropriate 
grid size. A grid size such that one data point would be 
present in each box defined by the grid was desired. The 
grid density was determined by posting the data points with 
various X,Y grid spacings on the map. This analysis 
determined that grid points placed every 17 meters would
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result in approximately one data point being present in each 
box defined by the grid. This was the chosen grid density.
Based on the desire to consider a large changes in 
slope over a short distance, a small number of adjacent 
points, two, was initially used. Also for the initial 
evaluation, a quadrant search with these two nearest points 
was used to consider all adjacent data points without 
placing undue importance on the results of closely spaced 
data points.
A search radius of 10 times the grid distance (170 
meters) was determined to be appropriate. A smaller search 
radius provided insufficient data to calculate the grid 
across the entire lake. Thus, data within 170 meters of the 
calculated grid point would be considered for the 
calculation.
Next, the number of adjacent points was optimized.
Two, three, and ten nearest points were used. The number of 
points had little effect on the grid; although with only two 
nearest points, several contour 'islands' were produced.
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Since the concentrations changed rapidly from one part of 
the lake to another, the smallest number of adjacent points 
that did not cause contouring problems, three, was 
determined to be preferable since it would better honor the 
extremes of the data.
Next, the search method was optimized. Nearest 
neighbor quadrant, and octant searches were tried. Nearest 
neighbor is a poor search method since it has the tendency 
to skew the search to near data clusters. It also produced 
islands. The results of the octant and quadrant searches 
were almost identical. However, based on the data density, 
many parts of the octant were empty. Thus the quadrant 
search was chosen.
With the other parameters optimized, the grid density 
was checked using the kriging algorithm. Grids of 68 
meters, and 34 meters were checked against the grid of 17 
meters. Grids of 68 and 34 meters produced angular plots 
and did not honor the extreme values of the data as well as 
the grid of 17 meters.
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With the gridding parameters set, the final task was to 
improve the aesthetics of the plot. First, the grid was 
expanded by a factor of two with the additional grid points 
being calculated using a cubic spline fit. The contour 
lines were then smoothed by connecting the grid points with 
spline curves instead of straight lines. Contour lines 
outside of the lake boundaries were also removed.
Determination of appropriate contour intervals was 
difficult. Consistent contour intervals for all plots would 
be preferred, but due to the large differences in the range 
of values to be plotted, consistent intervals produced 
problems. When closely spaced contour intervals were used, 
detail on the low concentration plots was retained, but the 
lines nearly touched each other and were unreadable on the 
plots with higher concentration. Loss of detail occurred on 
the low concentration plots when greater contour interval 
spacing was used. The compromise selected was to use three 
separate scales. One scale for the aldrin results (10, 100, 
1000, 5000, 10,000), one for the dieldrin results (5, 10,
25, 50, 100, 250), and one for the aldrin/dieldrin ratios 
(1, 3, 5, 10, 25, 50, 100). Aldrin and dieldrin
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concentrations are in units of micrograms per kilogram.
